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ABSTRACT 


This  is  a  report  of  the  worka^complished  on  Project  VT/5055  from  1  August 
through  31  October  1966.  Frroject  VT/5055  includes  the  operation,  evaluation, 
and  improvement  of  the  Tonto  Forest  Seismological  Observatory  (TFSO) 
located  near  Payson,  Arizona.  It  also  includes  special  research  and  test 
functions  carried  out  at  TFSO.  Research  and  development  tasks  performed 
by  the  Garland,  Texas,  staff  using  TFSO  data  are  included. 
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OPERATION  OF  THE 

TONTO  FOREST  SEISMO  LOGICAL  OESERVATORY 


1.  INTRODUCTION 


1.  1  AUTHORITY 

The  research  described  in  this  report  was  supported  by  tl.e  Advanced  Research 
Projects  Agency,  Nuclear  Test  Detection  Office,  and  wa6  monitored  by  the  Air 
Force  Technical  Applications  Center  (AFTAC)  under  Contract  AF  33(657)- 
14444.  The  contract  was  dated  12  April  1965;  the  statement  of  work  for 
Project  VT/5055  is  included  as  the  appendix  to  thi6  report. 


1.2  HISTORY 

The  Tonto  Forest  Seismological  Observatory  (TFSO)  was  originally  constructed 
by  the  United  States  Corps  of  Engineers  in  1963.  TFSO  waB  designed  to  record 
seismic  events  and  to  be  used  as  a  laboratory  for  testing,  comparing,  and 
evaluating  advanced  seismograph  equipment  and  6eismometric  recording  tech¬ 
niques.  The  instrumentation  was  assembled,  installed,  and  operated  until 
30  April  1965  by  the  Earth  Sciences  Division  of  Teledyne  Industries  under 
Contract  AF  33(657)-7747.  In  March  1964,  the  Long-Range  Seismic  Measure¬ 
ments  (LRSM)  Program  provided  eight  mobile  seismic  recording  vans  to 
extend  the  existing  instrument  arrays  at  TFSO.  On  1  May  1965,  Geotech 
assumed  the  responsibility  for  operating  TFSO.  The  LRSM  mobile  vans  were 
phased  out  of  the  TFSO  operation  on  3  October  1965. 

The  location  of  TFSO  i6  shown  in  figure  1. 


2.  OPERATION  OF  TFSO 


2.  1  GENERAL 

Data  are  recorded  at  TFSO  on  a  24-hour-a-day  basis.  The  observatory  is 
manned  continuously.  Five  day6  a  week,  a  full  complement  of  personnel  is 
on  duty  8  hours  a  day;  at  other  times,  a  reduced  operating  crew  i6  on  duty. 
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2.2  STANDARD  SEISMOGRAPH  OPERATING  PARAMETERS 


The  operating  parameters  and  tolerances  for  the  TFSO  standard  seismographs 
are  shown  in  table  1.  Frequency  response  tests  are  made  routinely,  and 
parameters  are  checked  and  reset  to  maintain  the  specified  tolerances. 

Normalized  response  characteristics  of  TFSO  standard  seismographs  are 
shown  in  figure  2. 

In  addition  to  these  standard  seismographs,  £T  has  two  separate  filtered  out¬ 
puts.  A  UED  filter  (£  TF)  with  a  high-cut  at  1.  75  cps  at  24  dB  per  octave, 
and  low-cut  at  0.  7  cps  at  24  dB  per  octave  is  recorded  on  16-millimeter  film 
Data  Trunks  1  and  7,  and  on  magnetic  tape  Data  Trunks  2  and  5. 

A  Krohn-Hite  filter  (£TFK),  high  cut  at  3.0  cps  at  24  dB  per  octave,  and 
low-cut  at  1.  0  cps  at  24  dB  per  octave,  is  recorded  on  film  Data  Trunk  1. 


2.3  DATA  CHANNEL  ASSIGNMENTS 

Each  data  format  recorded  at  TFSO  is  assigned  a  data  group  number.  When 
a  data  format  is  changed,  a  new  data  group  number  is  assigned  to  the  format. 
Data  format  change  notices  with  the  changes  in  channel  assignments  and  data 
group  numbers  made  during  this  reporting  period  were  submitted  to  the 
Project  Officer  and  to  frequent  users  of  TFSO  data. 


2.  4  COMPLETION  AND  SHIPMENT  OF  DATA 

The  magnetic-tape  seismograms  are  shipped  from  TFSO  each  week.  Three 
of  the  magnetic-tape  units  record  data  for  the  AFTAC  VELA  Seismological 
Center  (VSC),  and  three  are  for  use  by  universities.  When  data  from  all 
three  magnetic-tape  units  are  not  required  by  the  universities,  the  observa¬ 
tory  notifies  VSC. 

Film  records  from  10  Develocorder s  are  routinely  shipped  to  data  users. 

The  film  and  magnetic-tape  operation  logs  and  calibration  logs  are  copied 
and  shipped  with  the  seismograms  to  each  user.  Sets  of  selected  Develocorder 
prints  are  sent  to  Geotech  regularly  and  to  other  data  users  on  special  request. 
The  shipments  of  16-millimeter  film  seismograms  routinely  sent  to  the  Seis¬ 
mic  Data  Laboratory  (SDL)  repository  are  complete  through  31  August. 


#»««NNNN 


a. 3  • 

US-1 

rt  ro 


o  o  o  o 
o  o  o  o 


rt  d 
O  d  O  (t 

oooooooo 

oooooooo 


inmininro'flO 

oooonnnn 


/ 


r-  r- 

H-NNNNOOOOsO  ^0 

OOOOOOOOOOvO  vO 

o*  o'  o'  o*  o'  o'  o'  o’  o*  o'  o*  o' 


if  *  *  *  *  *  ^  *  o  o  o 

irininmiDininin^HH 

-H-H-H-H-H-H-H-H-H-H* 
iT  id  en 

>0>OOOOONMOOOO 


in  m  tn  m 
-H  *H  -H  -H 


id  in  in  in  h 
-H  -H  -H  -H  -H 


^  m  n  m  v  t  t  f 

WMNNM^vOiOifliflO 

o*  o*  o'  o  o’  o  o'  o’  o  o'  o* 


§  Q  «"■ 

ins* «n  >s  ss  tfs  *  *p  °  2  o  o 

m  in  ir  .1  m  m  m  m  ^ 

vv  m  in  n  n  't  ^ 

minoooO'O'Ovtt''  r- 

d  o'  -«*  ^  ~  p-?  o'  o*  o*  o*  o'  o* 


-H-H-H-U-H-H-H-H-H-H-H 
mm  in  in 

nJNOOOOnjNOOO 

—  ~  ~  ~  M*  m*  rvi  m*  o’ 

-•  **  M 


OinHrtNNNvOfgN^ 

Do-inomo-HmtJ 
VinOHOHONNNn 
^  r*  ^  o  i  i  i  m 

-  I>  if. 
(/)(/)(/] 


0  0  U 

.**  *•*  C  C  L, 

'K  *M  |J  |1  C 

0  0  *:  Ji  o  4J 

.h  O  O  H  C 

«>«•<£  v 

pa  pa  d  p  2  J 


o,  —  pa  ft.  < 

R  S  pa  j  d 


NXNXNINXNIN  X 


V  H  0.  (UU  l  B  *  «  « 

•  tnwintnininSSBfflJ 


TR  66-109 


Bread  band  Xs  Seismometer  damping  constant 


Figure  Zs  Normalized  response  characteristics  of  standard 
seismographs  at  TFSO 


2.S  QUALITY  CONTROL 


2.  5.  1  Quality  Control  of  16-Miilimeter  Film  Seismograms 

Ouaiity  control  checks  of  randomly  selected  runs  of  16-millimeter  film  from 
Data  Trunks  1,  2,  and  8,  and  the  accomp?nying  logs  are  made  in  Garland. 
Items  that  are  routinely  checked  by  the  quality  control  analyst  include: 

a.  Film  boxes  -  neatness  and  completeness  of  box  markings; 

b.  Develocorder  logs  -  completeness,  accuracy,  and  legibility  of  logs 

c.  Film; 

1.  Quality  of  the  overall  appearance  of  the  record  (for  example, 
trace  spacing  and  trace  intensity); 

2.  Quality  of  film  processing; 

d.  Analysis  -  completeness,  legibility,  and  accuracy  of  the  analysis 

sheets. 

Results  of  these  evaluations  are  sent  to  the  observatory  for  their  review  and 
comment. 

2.  5.  2  Quality  Control  of  Magnetic-Tape  Seismograms 

Routine  quality  control  checks  of  randomly  selected  magnetic-tape  seismo¬ 
grams  were  made  in  Garland  and  at  TFSO  to  assure  that  recordings  met 
specified  standards.  The  following  are  among  the  items  that  were  checked 
by  the  quality  control  group. 

a.  Tape  and  box  labeling; 

b.  Accuracy,  completeness,  and  neatness  of  logs; 

c.  Adequate  documentation  of  logs  by  voice  comments  on  tape  where 
applicable; 

d.  Seismograph  polarity; 

e.  Level  of  calibration  signals; 

f.  Relative  phase  shift  between  array  seismographs; 

g.  Levei  of  the  microseismic  background  noise; 
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h.  Level  of  the  system  noise; 

i.  PTA  dc  balance; 

j.  Oscillator  alignment; 

k.  Quality  of  the  recorded  WWV  signal  where  applicable; 

l.  Time  pulse  carrier; 

m.  Binary  coded  digital  time  marks. 

2.6  VANDALISM 

Vandals  shot  into,  and  damaged,  two  sections  of  spiral-four  cable  on  21  August 
1966.  At  this  time,  two  junction  boxes  were  shot  and  a  cable  road  crossing 
sign  was  destroyed.  This  type  of  vandalism  has  been  rare  at  TFSO  in  the 
past.  The  damage  was  found  at  points  in  the  array  closest  to  a  small  area 
being  developed  for  summer  homes. 


2.  7  SECURITY  INSPECTION 

Mr.  Ray  Posage,  Industrial  Security  Specialist  from  Phoenix,  Arizona,  made 
a  routine  security  inspection  of  the  observatory  on  26  August.  All  items  were 
found  to  be  in  order.  The  new  Industrial  Security  Manual  was  reviewed  with 
the  station  security  supervisor. 


2.  8  SHIPMENT  OF  CABLE  TO  USC&GS 

At  the  request  of  the  Project  Officer,  269  reels  of  spiral-four  cable  were 
shipped  to  the  U.  S.  Geological  Survey  (USGS)  at  Menlo  Park,  California. 
This  cable  was  all  considered  to  be  scrap  and  unusable  in  the  observatory 
data  circuits. 


2.  9  STATION  EQUIPMENT  INVENTORY 

The  annual  station  equipment  inventory  was  taken  during  August.  A  copy  of 
the  inventory  list  was  forwarded  to  the  Project  Officer. 

2.  10  CONTRACT  EXTENSION 

A  2-month,  time  only  contract  extension  requested  on  4  August  was  approved, 
ht  period  of  operation  of  TFSO  under  the  present  contract  has  been  extended 
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through  31  December  1966,  and  the  final  report  is  due  60  days  following  the 
end  of  the  operating  period. 


2.  11  CHANGES  IN  OPERATING  MAGNIFICATIONS 

The  operating  magnifications  of  all  long-period  seismographs  wjre  increased 
during  the  reporting  period.  The  notched  systems  are  new  operated  at  mag¬ 
nifications  of  about  60K  at  0.04  cps,  and  the  unnotched  systems  at  about  30K. 

Because  of  a  seasonal  increase  in  the  level  of  the  5-  to  8-second  microseisms 
the  operating  magnifications  of  the  broad-band  systems  were  attenuated  6  dB. 


2.  12  CABLE  REPLACEMENT  SURVEY 

The  Project  Officer  requested  a  summary  of  spiral-four  cable  damaged  and 
replaced  at  TFSO  since  1  May  1965.  A  letter  outlining  cable  replacement  was 
sent  on  20  October.  Approximately  35  reels  have  been  replaced  in  the  last 
18  months.  This  is  a  1.7  percent  replacement  of  all  cable  lines. 


2.  13  SPECIAL  TEST  OF  ZHF5 

The  ZHF5  system  was  reassembled  and  a  special  test  recording  was  made  on 
magnetic-tape  on  14  October  and  sent  to  the  Project  Officer  at  his  request. 


3.  MAINTENANCE  OF  TFSO  EQUIPMENT 

3.  1  STORM  DAMAGE 

Many  lightning  and  rain  storms  occurred  during  this  reporting  period. 

Among  the  system  components  damaged  by  electrical  storms  were:  6  PTA 
galvanometers,  3  seismometer  data  coils,  2  sets  of  protection  diodes,  and 
damaged  or  increased  leakage  to  ground  in  several  data  lines.  Figure  3 
shows  outage  due  to  storms  that  occurred  in  1964,  when  fuses  and  carbon 
blocks  were  used  for  lightning  protection  and  in  1966  when  AEI  gas-triode 
protectors  were  used. 

3.2  HYPERION  TIMING  SYSTEM 

The  Hyperion  timing  system  became  temporarily  inoperative  on  19  August. 
The  cause  of  the  failure  was  traced  to  capacitors  which  were  damaged  by 


-8- 


TR  66-109 


AEI  -  PROTECTED  CALL  DATA  CHANNALS  USED 
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igure  3.  Comparison  of  number  of  storm-caused  outages  at  TFSO  in  1964  (seismometers  protected 
by  fuses  and  carbon  blocks),  and  1966  (seismometers  protected  by  AEI  lightning  protectors 


overheating  of  the  oven.  The  oven  is  heated  by  2  sets  of  heating  elements, 

1  which  operates  continuously  and  1  which  operates  under  the  control  of  a 
thermostat.  Failure  of  the  thermostat  to  open  the  oven  circuit  resulted  in 
overheating  of  the  oven.  The  thermostatically  controlled  heaters  were  tem¬ 
porarily  bypassed  and  the  timing  system  wns  returned  to  operation. 

On  14  September,  the  Hyperion  timer  stopped  operating.  Adjustments  were 
made  to  the  Schmidt  trigger  (ST  1-A)  and  the  timer  was  restarted.  No  faulty 
components  were  found.  The  thermostat  in  the  oven  assembly  was  replaced 
at  this  time. 


3.3  SHALLOW-HOLE  SEISMOMETERS  Z  102SG  and  Z103SH 

The  shallow-hole  seismometers  Z  102SG  and  Z  103SH  were  removed  from  the 
hole  for  repairs  of  the  data  coil  leads  which  had  been  damaged  by  lightning. 

During  this  operation,  the  mass-positioning  controls  in  the  Geotech  Model 
20171  seismometer  were  bent.  Replacement  parts  were  installed,  and  both 
units  were  back  in  operation  by  12  August. 


3.  4  ROUTINE  TESTS  AND  CHECKS 
3.  4.  1  PTA  Linearity 

Quarterly  PTA  linearity  checks  were  made  during  August.  The  free-period 
and  damping  of  the  PTA  galvanometers  in  all  seismograph!*  used  in  the 
31-element  array  were  checked  during  this  reporting  period. 

3.4.2  Annual  Seismometer  Motor  Constant  Check 

Arnual  seismometer  calibrator  motor  constant  (G)  checks  were  started  durinn 
August  and  completed  in  October.  Table  2  shows  the  results  of  the  G  deter¬ 
minations.  Note  that  an  unusually  large  number  of  horizontal  seismograph 
calibrators  required  adjustment.  The  reasons  for  this  are  unknown.  G  deter 
minations  for  short-period  horizontal  seismographs  are  inherently  more 
susceptible  to  measurement  errors  under  field  operating  conditions  than  are 
G  determinations  for  vertical  seismographs  because  of  the  precision  required 
in  installation  of  the  weight-lift  jig  on  the  seismometer.  The  large  number  of 
horizontal  seismograph  G's  that  required  adjustment  can  be,  in  part,  attrib¬ 
uted  to  these  difficulties  in  measuring  accurately;  however,  it  is  probable 
'diat  other  factors,  causing  actual  G  variation,  are  also  involved. 
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Table  2.  TFSO  annual  motor  constant  check 


System 


Previous  "G"  1st  check 


Adjusted 


Used  for 
calibration 


zi 

0.  296 

0.2975 

0.  296 

Z2 

0.2935 

0.  310 

0.216 

0.296 

Z3 

0.  305 

0.295 

0.296 

Z4 

0.299 

0.295 

0.296 

Z5 

0. 3025 

0.  300 

0.296 

Z6 

0.298 

0.  300 

0.296 

Z7 

0.297 

0.  303 

0.296 

Z8 

0.2965 

0.  301 

0.296 

Z9 

0.298 

0.2875 

C.  296 

zio 

0.2945 

0.2935 

0.296 

Zll 

0.2975 

0.2861 

0.296 

0.2  96 

Z12 

0. 3005 

0. 3041 

0.296 

Z13 

0.2955 

0.289 

0.296 

Z14 

0. 3075 

0.293  “ 

0.296 

Z15 

0. 3035 

0. 3055 

0.2925 

0.296 

Z16 

0.  302 

0.  321 

0.2915 

0.296 

Z17 

0.  303 

0.2885 

0.296 

Z18 

0.296 

0.296 

0.296 

Z19 

0.297 

0.  300 

0.296 

Z20 

0.2945 

0.  3175 

0.2955 

0.296 

Z21 

0.295 

0.284 

0.2955 

0.296 

Z22 

0.297 

0.294 

0.296 

Z23 

0.294 

0.2915 

0.296 

Z24 

0.295 

0.296 

0.296 

Z2  5 

0.294 

0.2995 

0.296 

Z26 

0.299 

0.  304 

0.296 

Z27 

0. 3015 

0.  302 

0.296 

Z28 

0.2925 

0.  303 

0.296 

Z29 

0.291 

0.2945 

0.296 

Z30 

0.2  765 

0.2965 

0.296 

Z31 

0.292 

0.285 

0.2995 

0.296 

E36 

0.2945 

0.2995 

0.296 

N37 

0.  303 

0. 3125 

0.2965 

0.296 

Z38BB 

0.  185 

0.  186 

0.  138 

E39BB 

0.1865  ! 

0.  186 

0.  188 

N40BB 

0.  187 

0. 1725 

0.  190 

0.  188 

Z41IB 

0.02075 

0. 0212 

0.0206 

E42IB 

0.04675 

0. 0491 

0. 0474 

0.0474 

N43IB 

0.0476 

0. 0482 

0.0474 

Z44LP 

0.03175 

0.0303 

0.032  a 

E45LP 

0.0311 

0. 0301 

0.032  a 
0.032  a 

N46LP 

0.0322 

0.  02  50 

Z47BF 

2.  38 

2.  385 

2.43 

E48BF 

2.28 

2.  31 

2.26 

N49BF 

2.27 

2.  305 

2.26 

1A 

2.  12 

2.  10 

2.  12 

IB 

2.21 

2.20 

2.20 

1C 

2.  18 

2.085 

2.  18 

2.20 
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Table  2.  (Continued) 


System 

Previous  "C" 

1st  check 

Adjusted 

Z60 

0.  300 

0.298 

Z61 

0.  304 

0.296 

Z62 

0.  304 

0.290 

Z63 

0.  302 

0.295 

Z64 

0.291 

0.298 

Z65 

0.2975 

0.296 

Z66 

0.2965 

0.2875 

Z67 

0.  3025 

0. 3025 

0.2965 

Z68 

0.297 

0.295 

Z69 

0.  3015 

0.  304 

Z70 

0.295 

0.2955 

Z7i 

0.  300 

0.  300 

Z72 

0.296 

0.295 

Z73 

0.297 

0.292 

Z74 

0.289 

0.296 

T75 

0.  300 

0.275 

0.293 

R76 

0.2925 

0.280 

0.2945 

TV’ 

0.  3905 

0.275 

0.293 

R78 

0.2945 

0.251 

0.295 

T79 

0.  3015 

0.284 

0.294 

R80 

0.2915 

0.2825 

0.294 

T81 

0.2965 

0.277 

0.298 

R82 

0.2955 

0.277 

0.292 

T83 

0.2945 

0.272 

0.2925 

R84 

0.292 

0.2705 

0,292 

Tl  5 

0.2955 

0.293 

R8t 

0.2975 

0.290 

T87 

0.2945 

0.288 

R88 

0.2975 

C  294 

R89 

0.2985 

0,  281 

0.296 

T90 

0.299 

0.2765 

0.296 

R91 

0.296 

0.  308 

0.2935 

T92 

0.2945 

0.  288 

R93 

0.2945 

0.2775 

0.293 

T94 

0.295 

0.296 

R95 

0.295 

0.2285 

0.299 

T96 

0.293 

0.2725 

0.2965 

R97 

0.292 

0.299 

T93 

0. 2n8 

0.2755 

0.296 

Z99 

0.29.5 

0.2985 

Z100 

0.29H 

0.2965 

a0.  0300  used  fo: 

daily  calibrations 

after  27  October 

1966 
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Used  for 
calibration 

0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
0  296 
0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
C.  296 
0.2% 
f.  c% 
0.296 
0.296 
0.  296 
0.296 
0.296 
0.296 
0,296 
0.296 
0.296 
0.296 
0.296 
0.296 
0.2  96 
0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
0.296 
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3.  4.  3  Phase-Shift  Cherks 


Routine  phase-shift  checks  were  performed  on  all  Johnson-Matheson 
seismometers  during  this  reporting  period.  Only  twc  seismometers  showed 
excessive  phase-shift,  and  in  both  cases  the  cause  was  traced  to  foreign 
matter  in  the  air  gap. 


3.  5  MAINTAIN  TFSO  FACILITIES 
3.  5.  1  Water-Chiller  Units 


During  this  reporting  period,  a  careful  watch  has  been  kept  on  the  water- 
chiller  units  to  determine  if  the  scale  buildup  is  Being  controlled.  No  additional 
problems  have  been  observed. 

3.  5.2  Interior  of  Central  Recording  Building  , 

Painting  of  the  interior  of  the  central  recording  building  has  continued. 
Approximately  40  percent  is  completed. 


4.  EVALUATE  DATA  AND  DETERMINE  OPTIMUM 
OPERATIONAL  CHARACTERISTICS 


4.  1  MODIFICATIONS  TO  TFSO  INSTRUMENTATION 
4.  1.  1  Telemetry  Site  Restorations 

Restoration  of  the  TFSO  extended  array  van  locations  was  completed  during 
August.  The  Seligman,  Arizona  site,  from  which  about  38  reels  of  spiral- 
four  cable  were  recovered,  was  the  last  site  to  be  restored.  Also,  work  on 
the  Myrtle  Point  relay  site  was  completed,  and  an  inspection  of  this  site  was 
made  by  representatives  of  the  U.  S.  Forest  Service. 

4.  1.2  Power  Switching  Unit  Modification 

Circuits  of  the  power  switching  unit  of  the  Model  22183  1  kW  inverter  were 
modified  to  stabilize  the  square-wave  output.  Both  the  primary  and  secondary 
drive  now  provide  suitable  inputs.  A  major  problem  still  exists  in  the  inverter, 
however.  The  inverter  shuts  down  when  certain  of  the  loads  are  switched. 

A  similar  unit  belonging  to  UBSO  has  been  returned  to  our  Garland  laboratory 
so  that  we  can  modify  the  inverter  to  solve  this  problem.  After  the  UBSO 
inverter  has  been  successfully  modified,  the  necessary  changes  will  be  made 
in  the  TFSO  unit.  The  power  amplifier  will  replace  ten  100-watt  Bogan 
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amplifiers  presently  supplying  frequency  regulated  power  to  the  Develocorder 
magnetic-tape  recorders  and  Helicorders. 


4.2  TESTING  OF  TFSO  INSTRUMENTATION 
4.2.1  Defoliation  Around  Long-Period  Vault 

All  vegetation  in  the  area  surrounding  the  long-period  vault  was  removed  earl 
in  August,  and  the  ground  was  sprayed  with  white-wash  to  provide  a  reflecting 
surface.  This  was  done  to  determine  whether  the  effects  of  diurnal  tempera¬ 
ture  variations  on  the  seismometers  could  be  significantly  reduced,  thereby 
affording  improved  long-period  seismograms.  Initial  results  appeared 
encouraging;  however,  no  long-term  data  were  obtained  which  indicated  that 
significant  improvement  was  achieved.  Rain  washed  away  50  percent  of  the 
solution  within  a  week.  The  spraying  operation  was  repeated,  but  rain  again 
washed  away  a  major  part  of  the  solution.  It  is  our  opinion  that  no  significant 
improvement  of  the  long-period  environment  was  achieved. 


5.  ANALYZE  DATA 


5.  1  REPORT  EVENTS  TO  U.  S.  COAST  AND  GEODETIC  SURVEY 

Analysts  report  the  time  of  arrival,  period,  and  ground  displacement  ampli¬ 
tude  of  events  recorded  at  TFSO  to  the  Director  of  the  United  States  Coast  and 
Geodetic  Survey  (USC&GS)  in  Washington,  D.  C.  ,  daily.  The  number  of 
events  reported  by  TFSO  during  each  month  of  this  reporting  period  is  shown 
in  table  3,  by  type.  The  total  number  of  events  recorded  by  the  observatory, 
the  number  of  events  located  by  USC&GS  and  reported  in  the  Preliminary 
Determination  of  Epicenter  cards,  and  the  percentage  of  these  hypocenters 
for  which  TFSO  data  were  used  for  the  period  March  through  July  are  shown 
in  table  4.  Lists  of  more  recent  epicenters  have  not  yet  been  completed  by 
USC&GS. 


5.  2  DAILY  ANALYSIS  FOR  MULTISTATION  EARTHQUAKE  BULLETIN 

Data  from  TFSO  are  combined  with  data  from  CPSO,  BMSO,  UBSO,  and 
WMSO  and  published  in  a  monthly  multistation  earthquake  bulletin.  The 
bulletins  for  March,  April,  and  May  1966  were  published  during  this  report¬ 
ing  period. 

Raw  data  for  June  and  July  were  transcribed  onto  digital  magnetic  tape  and 
sent  to  SDL  for  processing.  The  Automated  Bulletin  Process  (ABP)  output 
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Table  3.  Number  of  earthquakes  reported  to  USC&GS  by  TFSO 
_ during  August,  September,  and  October  1966 _ 


A  ugust 

1966 

September 

1966 

L 

N 

_R 

T_ 

Total 

L 

N  _R 

T 

Total 

11 

92  3 

23 

1458 

2415 

36 

609  35 

1243 

1923 

_ October  1966 _ 

L_  _N  _R  _T_  Total 

10  325  20  1371  1726 

L  =  Local 
N  =  Near  regional 
R  9  Regional 
T  *  Teleseisms 


of  a  portion  of  the  June  data  was  received  from  SDL;  however,  the  entire 
bulletin  was  not  processed  due  to  recurring  diagnostic  error  printouts  during 
processing  of  the  first  portion  of  the  data.  The  cause  of  the  diagnostics  was 
traced  to  errors  in  the  TFSO  input  data  that  were  not  detected  by  our  raw- 
data  check  program.  The  check  program  was  revised  to  flag  errors  of  these 
types,  and  the  June  and  July  raw-data  were  resubmitted  for  the  ABP. 

Raw  data  for  August  and  September  have  been  keypunched,  transcribed  onto 
tape,  and  will  be  sent  to  SDL  for  processing.  Keypunching  of  October  raw 
data  is  about  50  percent  complete. 


5.  3  CONTINUE  NOISE  SURVEY 

Measurements  of  ambient  noise  in  the  0.4-  to  1.4-second  period  range  are 
made  daily  at  TFSO.  Data  are  processed  in  Garland,  and  monthly  cumulative 
probability  curves  of  trace  amplitude  and  ground  displacement  as  recorded 
on  the  Zl,  ST,  and  STF  seismograms  are  published.  Curves  for  months  of 
June,  July,  and  August  1966  were  sent  to  the  Project  Officer  during  this 
reporting  period. 
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Table  4.  Number  of  earthquakes  reported  by  TFSO  and  number  and 
percentage  of  hypocenters  reported  in  the  USC&GS  "Earthquake 
_ Data  Report"  for  which  TFSO  data  were  used 


Events 
reported 
by  TFSO 

Hypocenters 
reported  by 
USC&GS 

Percent  of 
USC&GS 

events 
utilizing 
TFSO  data 

March  1966 

1274 

432 

71.  8 

April  1966 

1286 

401 

78.  3 

May  1966 

1369 

442 

76.2 

June  1966 

1403 

446 

73.  5 

July  1966 

1287 

338 

82.  5 

6.  PROVIDE  OBSERVATORY  FACILITIES  AND  ASSISTANCE 
TO  OTHER  ORGANIZATIONS 


6.  1  ASTRODATA  DA  'A  ACQUISITION  SYSTEM  (ASDAS) 

A  failure  in  the  core  memory  circuits  of  the  ASDAS  occurred  in  September. 

The  failure  was  similar  to  the  last  breakdown  and  the  faulty  components  were 
found  and  repaired  in  less  than  4  hours.  An  intermittent  failure  was  discovered 
on  15  October  and  was  found  to  be  a  faulty  transistor  in  the  memory  output 
circuits  which  was  repaired  on  24  October.  A  total  of  22  digital  tapes  were 
recorded  during  this  reporting  period. 


6.2  RECORDINGS  FOR  THE  CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 

Weekly  shipments  of  16-millimeter  film,  Data  Group  7189,  were  sent  to  the 
California  Institute  of  Technology  (Cal  Tech),  except  for  data  requested  by 
VSC  which  are  sent  to  SDL.  A  new  recording  format  for  the  magnetic-tape 
recorders  not  presently  in  use  is  being  planned  by  VSC. 
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6.  3  TELEMETRY  TO  MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 

Telemetry  rf  seven  seismograph  channels  to  Lincoln  Labs,  Massachusetts 
Institute  o *  Technology  (MIT),  continued  throughout  this  reporting  period. 
During  periods  of  seismograph  attenuation  and  special  tests,  MIT  is  notified 
when  possible. 


6.  4  ASTROGEOLOGICAL  DEPARTMENT  OF  USGS 

Dr.  Harold  Kirvoy  of  the  Astrogeological  Department  of  the  United  States 
Geological  Survey  (USGS)  in  Flagstaff,  Arizona,  requested  the  cooperation  of 
TFSO  in  providing  periodic  information  on  events.  Dr.  Kirvoy  has  been 
placed  on  the  distribution  list  of  the  multistation  earthquake  bulletin,  2nd  also 
receives  a  copy  of  the  TFSO  daily  message  to  USC&GS. 

6.  5  SPECIAL  REPORTS  TO  THE  USC&GS 

In  addition  to  the  routine  daily  messages,  TFSO  cooperates  with  the  USC&GS 
in  providing  information  on  specified  events  as  requested.  One  example  of 
this  is  the  reporting  of  aftershocks  of  the  Utah  event  on  16  August.  Approxi¬ 
mately  750  aftershocks  of  this  event  were  reported  by  TFSO  from  16  through 
25  August. 


6.6  VISITORS 

Mr.  B.  B.  Leichliter,  Teledyne  Program  Manager,  visited  TFSO  from 
25  through  27  September  to  review  the  operation  of  the  observatory  and  to 
be  present  during  the  visit  to  TFSO  scheduled  by  Senator  Barry  Goldwater. 
However,  the  Senator  was  forced  to  cancel  his  visit  because  of  last  minute 
changes  in  his  schedule. 

Mr.  C.  P.  Fink  and  Mr.  H.  E.  Klindert  from  the  Phoenix  office  of  the 
Los  Angeles  Defense  Contract  Administration  Services  Region  (DCASR) 
visited  TFSO  on  12  October.  The  purpose  of  the  visit  was  in  compliance  with 
the  visit  regulations  of  the  Small  Business  Administration. 

TFSO  opened  its  facilities  to  students  and  professors  from  Arizona  State 
Jniversity  during  both  the  summer  and  fall  sessions.  A  class  from  the  local 
elementary  school  has  visited  the  observatory. 
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7.  DEVELOPMENTAL  FUNCTION 


A  letter  report  outlining  an  automatic  calibration  unit  for  TFSO  and  requesting 
authority  to  develop  same  was  sent  to  the  Project  Officer  on  7  October.  No 
action  has  been  taken  on  this  matter. 


8.  RESEARCH  PROGRAMS 


8.  1  SIGNAL  CLASSIFICATION  STUDY 

A  classification  of  earthquake  signals  based  on  visual  characteristics  of 
longitudinal  waves  (typically  P  or  PKP)  as  recorded  on  the  ET  seismograph 
is  being  developed.  During  this  reporting  period,  approximately  150  earth¬ 
quakes  of  magnitude  5.0  or  above  were  selected  for  initial  study.  The  char¬ 
acteristics  of  these  signals  &ve  to  be  compared  and  various  criteria  (for 
example,  initial  amplitude  and  number,  amplitude  relationship,  and  decay  of 
energy  pulses  in  the  first  20  seconds)  are  to  be  evaluated. 


8.  2  ARRAY  RECOMMENDATIONS 

On  24  June,  the  Project  Officer  requested  that  we  review  the  available  data 
regarding  the  noise  field  in  the  TFSO  area,  and  that  we  consider  redesign  of 
the  TFSO  array  to  provide  a  more  satisfactory  array.  On  7  September,  we 
submitted  our  Project  Recorr.nendation  (P-688)  for  the  redesign  of  the  TFSO 
array.  In  P-688,  we  recommended  that  a  37-element  array  of  short-period 
vertical  seismometers  spaced  at  intervals  of  5  kilometers  be  installed  to 
replace  the  existing  array. 

Also  at  the  request  of  the  Project  Officer  we  have  been  considering  the  design 
of  an  array  of  long-period  seismographs  for  TFSO,  A  meeting  with  the 
Project  Officer  is  planned  at  VSC  during  the  week  of  31  October  to  discuss  our 
recommendations  regarding  both  arrays. 


8.  3  MODIFIED  LONG -PERIOD  SEISMOMETER 

Tests  in  the  long-period  seismometer  with  the  wire  flexures  (NLPX)  were 
continued  throughout  this  reporting  period.  This  experimental  seismometer 
is  oriented  north-south,  and  is  located  on  the  pier  with  the  standard  long- 
period  seismometers. 


-18- 


TR  66-109 


At  the  end  of  the  list  reporting  period,  the  NLPX  showed  system  spiking,  as 
shown  in  figure  4.  In  an  effort  to  eliminate  this  spiking,  the  seismometer  was 
heat-cycled  for  a  period  of  36  hours.  However,  after  a  period  of  stabilization, 
no  reduction  in  either  the  frequency  of  occurrence  or  the  amplitude  of  the 
spikes  was  observed.  Heat-cycling  was  again  repeated,  using  more  heat 
(100  watts)  and  for  a  longer  time  period  (72  hours).  Also,  a  convection  shield 
was  added.  After  stabilization,  the  noise  in  the  NLPX  system  was  at  a  level 
comparable  to  that  observed  on  the  other  horizontal  systems  as  shown  in 
figure  5.  The  spiking  problem  has  not  recurred. 

We  have  not,  at  this  time,  determined  whether  the  experimental  seismometer 
is  superior  to  the  control  seismometers;  however,  additional  tests  are  in 
progress  from  which  we  hope  to  resolve  this  question. 


8.  4  ARRAY  COUPLING  STUDY 

All  signals  for  the  study  designed  to  determine  the  effect  of  local  geology  on 
signal  amplitude  across  the  array  have  been  selected  and  the  data  have  been 
punched  into  IBM  cards.  A  total  of  312  signals  for  each  of  the  23  vertical 
short-period  seismometers  will  be  evaluated.  This  study  is  scheduled  for 
completion  by  31  December. 


8.  5  DESIGN  OF  AN  IMPROVED  HIGH-FREQUENCY  SEISMOGRAPH 

A  memorandum  describing  the  requirements  of  an  improved  high-frequency 
seismograph  and  the  various  seismograph  tests  on  which  these  requirements 
were  based,  and  a  request  for  authority  to  build  a  high-frequency  seismograph 
were  submitted  to  the  Project  Officer  in  late  October.  The  conclusions  of 
these  tests  were  that  eight  GS-13V  geophones,  installed  in  a  pressure  case, 
would  provide  a  satisfactory  seismometer  for  the  improved  high-frequency 
seismograph.  These  geophones  are  produced  by  the  Engineering  Products 
Company  of  Tulsa,  Oklahoma,  and  would  each  be  modified  to  have  a  0.453  kg 
mass  and  a  2,  860  ohm  data  coil.  An  Ithaco  amplifier  was  recommended  for 
amplification  of  the  output  of  this  seismometer. 
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9.  REPORTS  AND  TECHNICAL  DOCUMENTS 


Several  reports  and  technical  documents  were  prepared  under  Project  VT/5055 
during  this  reporting  period.  A  list  of  these  reports  and  documents  follows. 

a.  Evalution  of  the  French  Seismograph,  letter  report  dated  3  October 

1966. 


b.  Magnitude  Studies  Conducted  Under  Projects  VT/5054  and  VT/5055, 
Technical  Report  No.  6&-^3,  by  Jack  G.  Swanson,  was  mailed  to  the  Project 
Officer  on  31  August. 

c.  Ths  TFSO  Quarterly  Report  No.  5,  Technical  Report  No.  66-85, 
was  mailed  to  the  Project  Officer  on  24  August. 

d.  A  letter  containing  a  recommendation  to  build  and  install  an  auto¬ 
matic  calibration  system  for  TFSO  was  submitted  to  the  Project  Officer  on 

7  October  1966. 

e.  Recommended  Orientation  for  the  TFSO  Seismograph  Array, 

Project  Recommendation  P-688,  was  submitted  to  the  Project  Officer  on 
7  September. 

f.  Tests  of  the  GS-13V  geophone  and  recommendations  for  the  design 
of  an  improved  high-frequency  seismograph,  a  letter  memorandum,  was  sub¬ 
mitted  to  the  Project  Officer  on  28  October. 
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APPENDIX  to  TECHNICAL  REPORT  NO.  66-109 
STATEMENT  OF  WORK  TO  BE  DONE 


STATEMENT  OF  WORK  TO  BE  DONE 
AFTAC  PROJECT  AUTHORIZATION  NO.  VELA  T/5055 


1.  Operation. 

a.  Operate  the  Tonto  Foreat  Selsmo logical  Observatory  (TFSO)r 
normally  recording  data  continuously. 

b.  Evaluate  the  seismic  data  to  determine  optiwm  operational 
characteristics  and  make  chaoses  In  the  operating  parameters  as  may  be 
required  to  provide  the  most  effective  observatory  possible.  Addition 
of  new  and  modification  of  present  on-line  Instrumentation  are  within 
the  scope  of  work.  However,  such  Instrument  additions  and  modifications, 
data  evaluation,  and  major  parameter  changes  are  subject  to  prior 
technical  approval  by  the  AFTAC  project  officer. 

c.  Conduct  routine  dally  analysis  of  seismic  data  and  transmit 
daily  seismic  reports  to  the  US  Coast  and  Geodetic  Survey.  Washington. 

DC  20230.  using  the  established  report  format  and  detailed  Instructions. 

d.  Record  the  results  of  dally  analysis  In  a  format  compatible  with 
the  automated  bulletin  program  (ABF)  used  by  the  Seismic  Data  Laboratory 
(SDL).  300  North  Washington  Street.  Alexandria.  Virginia  22314.  In  their 
preparation  of  the  selsmologlcal  bulletin  of  the  VELA-UNIFORM  selsmologlcal 
observatories.  This  format  may  be  established  by  coordination  with  SDL 
through  the  AFTAC  project  officer.  The  schedule  of  routine  shipments 

of  this  data  to  SDL  will  be  established  by  the  AFTAC  project  officer. 

e.  Conduct  quality  control  (QC>.  as  necessary,  to  assure  the  record¬ 
ing  of  high  quality  data  on  both  magnetic  tape  and  film.  Past  experience 
Indicates  that  QC  review  of  one  magnetic  tape  par  magnetic  tape  recorder 
per  week  Is  satisfactory  unless  QC  tolerances  have  been  exceeded  and  the 
necessity  of  additional  QC  arises.  QC  of  magnetic  tape  should  Include, 
but  need  not  necessarily  be  limited  to.  the  following  ltc-vo* 

(1)  Completeness  and  accuracy  of  operation  logs. 

(2)  Accuracy  of  observatory  measurements  of  system  noise  and 
equivalent  ground  motion. 

(3)  Quality  and  completeness  of  voice  comments. 

(4)  Examination  of  all  calibrations  to  assure  that  no  clipping 

occurs. 

(5)  Determination  of  relative  phase  shift  among  all  array 
seismograph  systems. 

(6)  Measursment  of  DC  unbalance. 
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(7)  Presence  and  accuracy  of  tapa  calibration  and  alignment. 

(8)  Check  of  uncompenaated  noiae  on  each  channel. 

(9)  Check  of  uncompenaated  aignal-to-noiae  of  channel  7. 

(10)  Check  of  general  atrength  and  quality  of  WWV  time. 

(11)  Check  of  aynchronisation  of  digital  time  code  with  WWV. 

f.  Continue  telephone  aervlce  and  VHF  telemetry  between  TFSO  and  the 
mobile  aelamlc  vena  (Project  VELA  T/4051)  located  along  extenaiona  of  the 
TFSO  croaaed  array. 

g.  Provide  obaervatory  facilltlea ,  accompanying  technical  aaalatance 
by  obaervatory  personnel,  and  eelamo logical  data  to  requeating  organlza- 
tiona  and  indivlduala  after  AFTAC  approval  through  the  project,  officer. 

h.  Maintain,  repair,  protect,  and  preaarve  the  facilltlea  of  TFSO 
in  good  phyalcal  condition  in  accordance  with  eound  induatrial  practice. 

2.  Inatrument  Evaluation. 

a.  On  approval  by  the  AFTAC  project  officer,  evaluate  the  performance 
characterlatlca  of  experimental  and  off-the-shelf  equipment  offering  poten¬ 
tial  improvement  in  the  performance  of  obaervatory  seismograph  ayatema. 
Operation  and  teat  of  the  lnatrumentation  under  field  condltlona  ahould 
normally  be  preceded  by  laboratory  teat  and  evaluation. 

b.  To  permit  more  thorough  laboratory  avaluatlona  to  be  conducted  at 
TFSO,  improvementa  to  TFSO  laboratory  capability  may  be  neceaaary.  The 
contractor  ahould  make  recoomendatlona  for  auch  improvements  and,  after 
approval  by  the  AFTAC  project  officer,  implement  them. 

3.  Development?!  Function.  Operation  and  evaluation  of  the  observatory's 
"standard'1  Instrumentation  and  of  "experimental"  equipment  may  disclose 
the  need  for  supplemental  equipment,  neither  comaterclally  available  nor 
in  development  under  the  VELA-UNIFORM  program,  that  could  Improve  the 
performance  and  capability  of  the  seismograph  ayatema  of  TFSO  and  other 
VELA- UNIFORM  observatories.  The  contractor  ahould  make  recommendations 
on  the  development  of  such  equipment  and,  after  approval  by  the  AFTAC 
project  officer,  proceed  with  developmental  work, 

A.  Research  Programs.  On  approval  by  or  at  the  request  of  the  AFTAC 
project  officer,  conduct  research  programs  designed  to  upgrade  the  TFSO 
detection  capability.  Environmental  condltlona  (geological,  eeismologlcal, 
and  meteorological)  affecting  the  results  of  these  research  programs 
ahould  not  be  neglected.  Research  might  pursue  investigations  in,  but 
are  not  necessarily  limited  to,  the  following  areas  of  Interest: 
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a.  Microaelamlc  Nolae. 

(1)  Review  all  available  TFSO  nolae  deta  to  guide  the  direction 
of  additional  work.  Define  and  conduct  additional  aurface  nolae  atudlea 
aa  neceaaary. 

(2)  Examine  nolae  at  ahallow  depth*  uaing  exlatlng  and  additional 
ahallow  boreholea.  The  number,  depth,  and  location*  of  the  additional 
boreholea  muat  be  approved  by  the  AFTAC  project  officer. 

b.  Array  Detection  Capability. 

(1)  Evaluate  combination*  of  exlatlng  vertical  and  of  exlatlng 
horizontal  aurface  array  aalamographa  to  determine  the  moat  effective 
array  aummatlona  In  detecting  teleaalamlc  elgnala.  Determine  TFSO  overall 
detection  capability  when  uaing  theaa  array  aiamaatlona  along  with  the 
remaining  aelamograph  ayatema. 

(2)  Under  Project  VELA  T/5052,  AFTAC  haa  programmed  the  addition 
of  a  multiple  array  proceaaor  to  the  TFSO  lnat mentation  for  the  Bummer 
of  1965;  training  In  operation,  maintenance,  and  calibration  of  the 
proceaaor  and  In  analyala  technique*  will  be  provided  to  appropriate  TFSO 
peraonnel  at  the  time  of  lnetallatlon  by  the  manufacturer,  Texaa  Inatrumenta 
Incorporated.  Evaluate  the  detection  capability  of  the  proceaaor  and 
examine  lta  enhancement.  If  any,  of  the  overall  TFSO  vapablllty. 

(3)  Mobile  eelamlc  vena  (Project  VELA  T/4051)  are  temporarily 
located  along  catena lone  of  the  TFSO  crooaod  array  and  the  data 
(3-component  ahort-perlod)  from  the  vena  are  recorded  at  TFSO.  Inveatl- 
gate  the  uae  of  thla  extended  array  to  lc-prove  the  TFSO  detection 
capability. 

(4)  Determine  TFSO  deflclenclea,  if  any,  that  degrade  the 
obaervatory'a  detection  capability.  Prepare  and  aubmlt  to  the  AFTAC 
project  officer  recommended  Improvement*  dealgned  to  eliminate  auch 
deflclenclea  and  enhance  the  detection  capability. 

c.  Vlaual  Data  Preaentatlon.  Inveatlgate  forma  of  vlaual  data 
preaentatlon  which  would  Improve  detection  of  eelamlc  algnala  by  vlaual 
on-line  analyala. 

Program*  Implemented  ahould  be  planned  for  completion  during  the  contracted 
period  of  TFSO  operation.  Furthermore,  prior  to  commencing  any  reaearch 
program,  AFTAC  approval  muat  be  obtained  of  u  comprehenalve  outline  for 
each  reaearch  program  lnatltuted. 
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